We have measured the positron and positronium emission yields from a solid N2 target surface bombarded with slow positrons. We determine the inelastic threshold energy for positrons in N2, Efh = 7.08+0. 10 eV, and the threshold for forming positronium, Ep, = 1 0.0+0.5 eV. In contrast to the rare-gas solids, the low-lying electronic excitations cause E,h to lie below Ep, . Unlike electrons, positrons should not excite triplet states at a detectable level, and therefore E,h is the energy of the lowest-lying singlet vibrational level less the positron affinity, P . We thus determine P+ = 1.31+0.10 eV. From the positronium formation threshold we obtain the positronium binding energy in the solid, Eb = 3.8+0.5 eV. Below the inelastic threshold a positron is found to lose an energy 30+5 meV per collision in agreement with a model in which the principal energy-loss mechanism is the excitation of optical phonons.
I. INTRODUCTION Various properties of positrons and positronium in the rare-gas solids have been deduced from positron diffraction measurements and from the energy dependence of the positron and positronium yields. ' The table of the positronic properties of the rare-gas solids now includes such quantities as the positronium binding energies in the solids Eb, the positron affinities P+, the inelastic mean free paths, and the positron reemission yield extrapolated to zero positron implantation energy yo. The positron information is useful for understanding the dynamics of positrons in solids, provides independent checks on the inelastic thresholds measured by other techniques, and is the basis for the most efficient moderator for producing slow positron beams. We have extended our study to a molecular solid in order to test the model developed for the rare-gas solids in a wide-gap insulator that has optical-phonon modes and low-lying electronic excitations.
II. EXPERIMENT
The experiment was performed on a magneticallyguided slow positron beam equipped with an ultrahighvacuum chamber and a cryogenic target stage located inside a 50-K radiation shield. The substrate for forming the solid N2 was a single crystal of Ni(100) (100) moderator' produced a beam of 10 slow positrons per second. The total reAection coefficient for positrons, the positron reemission yield, and the positronium formation probability were measured as previously described. ' 
III. RESULTS
In Fig. 1 scured by the high reemission probability of the thick target. At higher energies, the reemission probability suddenly drops due to the onset of inelastic channels for the positron.
The inelastic threshold energy, E, "=7. 08+0. 10 eV, was determined from the intersection of two straight-line segments fitted to the data in the vicinity of the threshold. The error estimate is twice that due to statistics to allow for possible systematic effects. The positronium formation fraction versus positron incident energy is shown in Fig. 1(b) . There is essentially no positronium formation below a threshold energy Ep, =10.0+0.5 eV. In Fig. 1(c) , we see no obvious excess positron annihilation in the solid at an incident energy near E""and thus there is no evidence for an anomalously short Ps diffusion length near the Ps formation threshold as was found for the rare-gas solids. The reemitted positron energy spectrum for solid N2 bombarded with 2-keV positrons (Fig. 2 inset) was obtained with a 4-kG permanent magnet placed behind the sample.
After being transported to the analysis electrode, the reemit ted positrons have nearly all their momentum directed along the axis of the beam, and thus the energy in the inset to Fig. 2 is the total kinetic energy of the reemitted positrons. The total slow positron yield as a function of positron implantation energy is shown in Fig. 2 We interpret the dip near zero energy in Fig. 1 The main differences between solid N2 and a rare-gas solid are (1) the inelastic threshold is below the positronium formation threshold due to the existence of low-lying electronic excitations, and (2) a hot positron loses energy more rapidly in the molecular solid because of the emission of optical phonons. On the other hand, the solid rare gases and solid N2 have positron affinities in the 1 -2-eV range, and the positronium binding energies in the solids are close to what one would predict for a positronium atom in a uniform dielectric medium. We conclude that positrons in a wide band-gap solid have a behavior that is largely independent of whether the solid is molecular or not.
